However, inconsistent findings have emerged from studies investigating the effects of exercise training on circulating total adiponectin levels [8] [9] [10] [11] [12] [13] . Adiponectin circulates in plasma in multimeric isoforms and recent studies on multimer formation in blood have demonstrated that high molecular weight (HMW) adiponectin is the active form of proteins 14, 15) . Moreover, Hara et al. 16) demonstrated that the ratio of HMW adiponectin to the total adiponectin in plasma is useful to predict insulin resistance and metabolic syndrome. Therefore, we hypothesized that the beneficial effects of exercise training on glucose and lipid metabolism might be mediated by changes in adiponectin oligomer composition in the circulation, rather than the total adiponectin levels; however, few reports are available on the effect of exercise training on adiponectin multimer distribution 17, 18) . Moreover, recent studies have indicated that a number of cardiovascular risk factors are related to the incidence of or mortality
Introduction
Adiponectin, which is an adipose-specific gene product comprising 244 amino acids, is the most abundantly secreted adipocytokine 1) . Low circulating levels of adiponectin have been implicated in the development of insulin resistance 2) and associated disorders, such as obesity 3) , hyperlipidemia 4) , type 2 diabetes mellitus 5) , and cardiovascular diseases 6) . Exercise training improves insulin resistance and body composition 7) ; therefore, it can be speculated that adiponectin is involved in the regulation of glucose or lipid metabolism through exercise training. from cardiovascular disease, irrespective of abdominal obesity or overweight 19, 20) . Thus, it is important to examine the effects of exercise training on adiponectin levels in both obese and non-obese subjects in order to reduce mortality from cardiovascular disease. We therefore examined the effects of biweekly exercise training on HMW adiponectin levels and adiponectin multimer distribution in mildly hyperglycemic individuals, including non-obese subjects.
Subjects and Methods

Study Population
We randomly assigned 53 Japanese (36 women and 17 men) to exercise and control groups using a parallel-design study, which was performed at a fitness club in Yamanashi and was conducted from April 2006 to July 2007.
Based on the checkup data, we included women and men aged 30 to 70 years with a glycosylated hemoglobin level of 5.5 − 6.4% or plasma glucose level of 110 − 125 mg/dL. The candidates were excluded if they had diabetes mellitus, cardiovascular diseases, uncontrolled hypertension, or current participation in resistance exercise. The study was approved by the Ethics Review Committee, Faculty of Medicine, University of Yamanashi. All participants provided written informed consent and did not receive any monetary compensation. This study protocol was registered in UMIN-CTR (www.umin.ac.jp/ctr/; Identifier: UMIN000000654).
Randomization
Participants were stratified by sex and glycosylated hemoglobin level ( 5.8% or ≤ 5.8%) and randomly assigned to either the exercise or control group. A computer-generated list of randomized assignment numbers was produced. The staff involved in the intervention had to be aware of the group assignment, but the laboratory staff was blind to the group assignment of participants.
Intervention
Exercise Group
The subjects exercised at the fitness club two times per week. Each exercise session lasted 70 min and included a 5-min warm up, 40-min resistance exercise, 20-min aerobic exercise, and 5-min cool down. A minimum of two days elapsed between two consecutive training sessions.
[1] Resistance exercise: the resistance exercise program consisted of four exercises using resistance exercise machines (chest press, pull downs, knee extension, and knee flexion) for 3 sets of 7 − 15 repetitions and 4 exercises using free weights (leg lunges, heel raises, sit ups, and back extensions) for 3 sets of 10 − 20 repetitions. The training intensity using resistance exercise machines was 60 − 80% of the baseline for one repetition maximum (1-RM).
[2] Aerobic exercise: the subjects exercised on a bicycle ergometer for 20 min per session. The training intensity was adjusted to maintain a constant heart rate between 60% and 75% heart rate reserve, which was calculated using the following formula: (maximum heart rate−resting heart rate) 0.6 − 0.75 resting heart rate 21) . The maximal heart rate for each subject was calculated as 220 minus the age of the subject. Dietary intake was not restricted throughout the trial period in both groups.
Control Group
Participants in the control group were given individual advice on the way to undertake home-based resistance exercise to be performed for about 30 min at the baseline.
Outcome Measures
We assessed the outcome measures at the baseline and at 12 weeks. Biochemical measurements were collected in the fasting state. Twelve-week blood collection was performed 48 − 72 h after the last exercise session to eliminate the effect of the last acute bout of exercise on all blood parameters. The outcome measures were carried out in a blinded fashion with the exception of muscle strength. The standing height without shoes was measured to the nearest 0.1 cm, and body weight was measured in kilograms to the nearest 0.1 kg. BMI was determined according to body weight and height as kilograms per meters squared. Waist circumference was determined by a standard technique.
Plasma glycosylated hemoglobin was measured using high-pressure liquid chromatography. The estimation of insulin sensitivity in the fasting state was assessed with homeostasis model assessment (HOMA) and calculated using the following formula: fasting plasma glucose (mg/dL) fasting serum insulin ( U/ mL) divided by 405. Using such a method, a high HOMA score denotes low insulin sensitivity. Assays for serum levels of high-density lipoprotein cholesterol glucose were performed at Fujiyoshida Medical Association. Plasma insulin levels were assayed by enzyme immunoassay.
Serum samples for total adiponectin and HMW adiponectin levels were stored at 80 until assayed. The total serum adiponectin concentrations were measured by sandwich ELISA (Otsuka Pharmaceuti-cals, Tokyo, Japan). Serum HMW adiponectin was measured by a novel sandwich ELISA using a monoclonal antibody to human HMW adiponectin, as described previously 22) . This sandwich ELISA, essentially measuring only HMW adiponectin in the serum, is now available as a kit from Fujirebio (Tokyo, Japan). The percentage of HMW adiponectin represents HMW/total adiponectin 100.
Muscle Strength
One repetition maximum is defined as the maximum strength that a muscle group is able to generate within a single contraction. The 1-RM value was assessed for each machine at the baseline and after the study (week 12). To assess progress in muscle strength, maximum strengths of the upper (bench press) and lower body (knee flexions) were determined.
Statistical Analysis
All analyses followed an intention-to-treat principle using all randomized participants and assuming no change from the baseline for those with missing data. We compared the baseline data using the unpaired t -test for continuous variables and the chisquare test for sex. Data were analyzed using two-way analysis of variance (ANOVA) with repeated measurements and analysis of covariance (ANCOVA) to evaluate the effects of group (exercise vs. control) on the change between baseline and the results at 12 weeks. Paired t -tests were performed to determine if there were significant changes within a group. The significance level was established at p 0.05. The results are expressed as the mean standard deviation (SD) or mean mean standard error (SE). All analyses were performed using SPSS 17.0 for Windows.
Results
Participants
Of the 53 women and men enrolled, 49 underwent follow-up evaluations. One participant in the control group (one woman) refused final testing for personal reasons; three participants in the exercise group (one man and two women) dropped out citing personal or medical reasons unrelated to the study. We therefore included 53 participants in the intention-totreat analysis (Fig. 1) . Table 1 lists the baseline characteristics of the participants. There were no significant between-group differences in baseline characteristics.
Compliance and Adverse Events
Compliance with exercise training was 89 10%. Other than transient musculoskeletal soreness, no major complications or injuries were reported.
Outcome Variables
The outcome variable change from the baseline to that at 12 weeks is shown in Table 2 . Body weight and BMI were not modified by exercise training. Muscle strength improved in the exercise group but remained stable in the control group. The waist circumference and HOMA score tended to decrease by exercise training (p 0.09 and p 0.09, respectively), but were not significantly different between exercise and control groups. After 12 weeks, participants in both groups exhibited a significant increase in HDL cholesterol. After the 12-week intervention period, there were no differences between groups with regard to total adiponectin levels, HMW adiponectin levels, or percentage of HMW adiponectin. There was no difference for sex.
Discussion
The most important finding in this study is that exercise training, in the absence of weight loss, did not change HMW adiponectin levels or the percentage of HMW adiponectin. Without concomitant weight loss, exercise training may have little to no effect on HMW adiponectin levels and the adiponectin oligomer composition. To the best of our knowledge, this is the first study to show that twice-weekly exercise training, in the absence of weight loss, may not change adiponectin oligomeric distribution.
Our results are in good agreement with previous exercise training studies showing no change in total adiponectin levels 8, 11, 12, 23) . There is a report showing that considerable weight loss produces a significant increase in total adiponectin levels 24, 25) . On the other hand, several studies have shown that smaller decreases in the BMI do not result in any significant changes in total adiponectin levels [26] [27] [28] . Therefore, we presume that we did not observe any significant changes in the serum total adiponectin levels in our study because the weight loss produced by exercise training was too subtle. However, it is noteworthy that during very low caloric diet-induced weight loss, no change in plasma total adiponectin concentrations was found 29) . This might partly be explained by the influence of other weight loss-or exercise-inducing substances that might negatively influence the production or release of adiponectin from adipocytes [30] [31] [32] . It has been shown that HMW adiponectin strongly correlates with glucose tolerance as compared to total adiponectin 33) , and HMW adiponectin has proven to be more successful than other multimers at reducing blood glucose levels 34) . Furthermore, it has been shown that the distribution of adiponectin multimers changes by several interventions [34] [35] [36] . Therefore, we hypothesized that exercise training may induce a change in the percentage of HMW adiponectin rather than a change in the circulating concentrations of total adiponectin. However, we failed to find significantly changed adiponectin oligomeric distribution in this exercise protocol. In a recent study, O'Leary et al. 17) showed that the adiponectin SA ratio (HMW/total adiponection 1,000) was significantly increased after exercise intervention in obese adults with insulin resistance. This discrepancy can be explained in several ways. The most important reason may be related to the difference in adiposity between the subjects of both studies: O'Leary et al.
17) used obese subjects with insulin resistance; however, our study subjects included non-obese individuals. This difference may be reflected in the difference in the effects of exercise training on adiponectin properties. Thus, the effects of exercise training on the change in adiponectin properties might be prominent in obese individuals. In addition, the exercise frequency in our study was 2 days/week, but it was 5 days/week in the study by O'Leary et al. 17) . Moreover, the type of exercise intervention may also be an important factor responsible for the discrepancy. O'Leary et al. 17) used aerobic training; however, we used a combination of resistance exercises and aerobics. A combined training program may possibly be the most advantageous because it influences glucose metabolism via a different mechanism 37) . This suggests that combined exercise training has greater potential to change the adiponectin oligomer composition than either exercise alone; however, incremental effects of combined exercise training were not observed in this study. Therefore, an experimental study to evaluate the effects of various exercise protocols on the change in adiponectin properties is required for a more detailed understanding of the influence of exercise training on circulating adiponectin or its oligomer distribution. Moreover, O'Leary et al. 17) determined the relative amount of adiponectin multimers by Western blot analysis and densitometer quantification. However, our study measured circulating total and HMW adiponectin concentrations by ELISA. The difference in methodology might have induced a discrepancy in the results 18) . The current study has some important limitations. First, the baseline percentage of HMW adiponectin differed slightly between the exercise and control groups (p 0.07). Complete random allocation was not possible because of the small number of subjects in the present study and the possibility that a type 1 error had occurred. Therefore, we analyzed differences between groups using ANCOVA to adjust for differences according to the baseline value. However, the result was not different from that obtained from the analysis by two-way ANOVA. Second, participants were informed of the assignment, and it was possible that the non-blind situation affected their behavior, including exercise and nutrient intake during the study periods. We gave detailed advice about the exercise including how to undertake resistance exercise in the control group, which might have induced a few participants in the control group to perform the exercise. In fact, we found an improvement in HDL cholesterol in the control group. It is possible that between-group differences in outcome variables were underestimated by these non-blind effects and exercise advice. In addition, our research subjects were selected from participants in the annual health check up, which might indicate that the study participants had a better lifestyle, including exercise and nutrient intake such that they could maintain a good health condition relative to the general population and had high motivation to participate in this study. The other limitation is the use of HOMA to determine insulin resistance. The measure of insulin resistance by the HOMA model might not have had sufficient precision to detect small improvements after exercise training; therefore, there is a high risk of a type 2 error in failure to detect a significant change (p value 0.09). Moreover, the exercise type in our study was a combination of resistance and aerobic exercise. These two types of exercise produce different effects and may alter glucose metabolism through different mechanisms. Further studies are needed to clarify the effect of exercise type on the circulating adiponectin or its oligomer distribution. Finally, the 12-week duration of exercise training may have been too short and/or the exercise frequency too low to stimulate changes in HMW adiponectin levels or adiponectin oligomeric distribution.
In conclusion, the present study provides evidence that twice-weekly exercise training, in the absence of weight loss, does not change HMW adiponectin levels or adiponectin oligomeric distribution. 
